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Sediment core PS2458 from the Laptev Sea continental margin (983-m water depth) stems from a position close to the
paleoriver mouth of Lena and Yana rivers. It was dated by AMS-14C and analyzed in high resolution for oxygen isotopes of
planktic foraminifers. Except the uppermost 100 cm and possibly the lowermost meter of the 8-m-long core, the sediments were
deposited during the last deglaciation (14.5–8.0 cal-ka). According to 210Pb data, the uppermost 100 cm represents only the last
200 years. Planktic foraminifers are present throughout the dated deglacial interval, with the exception of a short time after ca.
13 cal-ka. Taking into account the global bice volume effectQ on the oxygen isotopic composition of the foraminifers, the
isotopic record is considered to reflect salinity changes which were influenced by variable freshwater runoff and a growing
marine influence during the postglacial transgression of the Laptev Sea shelf. The most conspicuous feature in the isotopic
record is an outstanding peak dated to ca. 13 cal-ka. It is proposed that it represents a rapid outburst of large amounts of
freshwater, possibly from an ice-dammed lake in the hinterland. Possible correlations to the onset of the cool Younger Dryas
event in the northern hemisphere are discussed.
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Four major rivers entering the Arctic Ocean are
among the greatest in the world, considering fresh-
water discharge (Fig. 1). The Yenisei (runoff 603
km3/year), Ob (530 km3/year), Lena (520 km3/year),e 48 (2005) 187–207
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Fig. 1. River discharge (km3/year) to the Arctic Ocean from the nine largest rivers entering the Arctic Ocean (redrawn from Aagaard and
Carmack, 1989).
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of a total of 3300 km3/year to the Arctic Basin
(Aagaard and Carmack, 1989). In several ways, the
river discharge controls the regional and global
climate. Much of the Arctic sea ice is formed from
low-salinity surface waters on the wide Siberian
shelves. It drifts out into the central Arctic Ocean
and through the Fram Strait into the Greenland Sea.
Sea ice controls the exchange of heat and gases
between atmosphere and ocean and maintains a cold
Arctic through reflection of 50–90% of the incom-
ing sunlight. During sea ice formation, brines are
concentrated and sink to intermediate and deep
water levels in the Arctic Ocean (Cavalieri and
Martin, 1994). These intermediate and deep waters
contribute significantly to the deep waters in the
Greenland, Iceland and Norwegian seas (collectively
termed GIN Sea), which are the main source for
North Atlantic Deep Water (Aagaard et al., 1991).Circum-Arctic rivers feed the cold, low-salinity
Arctic surface layer, which maintains a stable
stratification in the upper Arctic Ocean. Variability
of freshwater export to the GIN Sea was proposed
by Aagaard and Carmack (1989) to be extremely
critical for the deep water convection activity in this
area. They suggested that it caused the North
Atlantic bGreat Salinity AnomalyQ in the 1960s
and 1970s and possibly some bhalocline cata-
strophiesQ in the past (i.e., reduction or breakdown
of the convection during deglaciations).
While the importance of Arctic freshwater dis-
charge for the modern climate and oceanic environ-
ment is thus widely accepted, little is known about
its Late Quaternary variability. The waxing and
vaning ice sheets in northern Eurasia and arctic
North America controlled river runoff and the
freshwater discharge from ice-dammed lakes in the
Weichselian (Andrews, 1987; Svendsen et al., 1999,
R.F. Spielhagen et al. / Global and Planetary Change 48 (2005) 187–207 1892004; Mangerud et al., 2001, 2004) and probably
also earlier in the Pleistocene. Associated freshwater
events could be detected in central Arctic Ocean
planktic isotope records (Poore et al., 1999;
Spielhagen et al., 2004). Deglacial changes in
freshwater runoff from the Kara and Laptev Seas
could be deduced from geochemical and sedimento-
logical records (Lubinski et al., 1996, 2001; Polyak
et al., 1997, 2002; Hald et al., 1999; Boucsein et
al., 2000; Mu¨ller and Stein, 2000; Stein and Fahl,
2000). In this paper, we report on results from
investigations of a large volume sediment core from
the Laptev Sea continental margin (Fig. 2), which
can be used to address, for the first time, changes in
discharge from one of the main circum-Arctic river
systems, the Lena and its tributaries, on centennial
time scales. Because river discharge is dependent on
environmental conditions in the catchment area, we
discuss our results in relation to the present knowl-
edge of environmental changes in the hinterland of
the Laptev Sea.3
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Fig. 2. Bathymetric map (depth in m) of the Laptev Sea and the adjacent A
cores mentioned in the text are indicated. ESS=East Siberian Sea, SZ=S2. Environmental setting
The present catchment area of the Lena River is
about 2.5106 km2 in size and reaches from the
delta at 748N to 538N and from 1038E to 1408E.
South of 608N, the Lena River and some of its
tributaries cut through mountain chains more than
2500 m high. Near Yakutsk, the Lena River enters a
wide plain approx. 40–90 m above sea level (Fig. 3).
This plain is bordered to the east by the Verkhoyansk
Mountains (up to 2400 m high), stretching from ca.
628N to the Lena delta. There, the river enters the
shallow Laptev Sea shelf, which is up to 800 km
wide in N–S direction and has less than 50-m water
depth in most areas (Fig. 2). Most of the Lena River
water is discharged to the east and leaves the shelf
northward in the eastern Laptev Sea (Dmitrenko et
al., 1999). A sharp shelf break is found at water
depths of 70–100 m, from where the continental slope
reaches down steeply to ca. 1700 m and, somewhat
less steep, to the floor of the Amundsen and Nansen20
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Fig. 3. Map of the Lena River area and the Verkhoyansk Mountains. Gray line indicates Taymyr Peninsula glaciation in the last glacial
maximum (Svendsen et al., 2004) and maximum extent of Late Pleistocene ice sheets in the Verkhoyansk Mountains according to Isayeva
(1984). Black dot indicates area with sites on Undyulyung River (UR) analyzed by Kind et al. (1971) and Kind (1975), as mentioned in
the text.
R.F. Spielhagen et al. / Global and Planetary Change 48 (2005) 187–207190basins at more than 3000-m water depth. The strong
river water inflow from Lena and other, smaller rivers
maintains the low salinity (b 26) of the Laptev Sea
surface waters, which are ice-covered for 8–10
months of the year.Table 1
Location of analyzed sediment cores
Core Latitude Longitude Water
depth (m)
Corer Length
(cm)
PS2458-3 78810.0VN 133823.7VE 981 BC 46
PS2458-4 78810.0VN 133823.9VE 983 KAL 800
PS2455-4 79840.5VN 130829.5VE 3438 GC 158
PS2464-4 77829.1VN 125854.8VE 1756 GC 485
PS2474-3 77840.2VN 118834.5VE 1494 KAL 784
PS2749-4 79807.2VN 135808.3VE 2769 GC 620
PS2753-2 80858.2VN 134827.7VE 364 KAL 784
BC=box core, KAL=kastenlot core, GC=gravity core.3. Materials and methods
During expedition ARCTIC’93 (ARK-IX/4) of RV
Polarstern, box core PS2458-3 (505050 cm) and
kastenlot core PS2458-4 (3030 cm cross-section,
800 cm length) were obtained from the eastern Laptev
Sea continental margin (Fu¨tterer, 1994) at water
depths of 981 and 983 m, respectively (Table 1).
The uppermost centimeters of core PS2458-4 were
disturbed, but characteristic color features around 20
cm in both cores allowed direct correlation to the
undisturbed box core. In the following, the compositeof both cores will be discussed as bPS2458Q. The even
box core surface was partly covered with various
kinds of benthic animals (e. g., pantopods, amphi-
pods, pogonophores). Visual inspection of sediments
and X-ray radiographs from PS2458 showed evidence
for strong bioturbation in almost all core sections.
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ing standard procedures described by Kassens (1990).
PS2458 was sampled in 2-cm intervals (50–150
cm3 per sample) for sedimentological analyses.
Samples were freeze dried, weighed, and washed
through a 63-Am mesh with deionized water. The
remaining coarse fraction was dried, weighed, and
split into several subfractions. If possible, 10–25
specimens of planktic foraminifers Neogloboquadrina
pachyderma (sin.) were picked from the 125–250-Am
fraction of each sample, crushed and cleaned by
ultrasonic agitation. Stable oxygen isotopes were
measured by standard techniques (Duplessy, 1978,
Winn et al., 1991) on the automated Carbo-Kiel
equipment (Kiel Device I, Finnigan) connected to a
Finnigan MAT 251 mass spectrometer. Results are
expressed in the y notation (permille versus Pee Dee
Belemnite (PDB)), which is defined in terms of the
National Bureau of Standards NBS20 calcite. The
external reproducibility is better than 0.08x for y18O
(18O/16O).
From selected depths, wood fragments as well as
shells of bivalves and calcareous benthic foraminifers
were picked from the N 500-Am fraction for 14C
accelerator mass spectrometry (AMS) dating. While
the benthic foraminifers belonged to several different800
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Fig. 4. Records of 210Pb content, physical properties, coarse fraction (N 63
TOC of PS2458.species, bivalves were determined as Thyasira sp. and
Yoldiella sp. Both species typically occur in cold-
water environments at continental margins and in
areas of limited food supply, as is the Laptev Sea
continental margin. Additional sampling occurred for
determination of dry bulk density and 210Pb content.
14C datings were performed at the AMS facilities
of Aarhus and Kiel Universities. Calibrated ages (cal-
ka=1000 cal-years BP) were calculated using the
CALIB 4.3 program (Stuiver and Reimer, 1993) and
the calibration data sets of Stuiver et al. (1998). For
bivalve and/or foraminifer samples, the CALIB 4.3
internal standard marine reservoir correction of 402
years was applied. A possibly higher reservoir effect
in part of the deglacial period is discussed further
below. Dating results are given in Table 2. In the
following, all ages are referred to as calibrated ages,
unless otherwise stated.
210Pb was determined (November/December 1995)
on the bulk sediment via the granddaughter 210Po.
About 3.5 g of dry sediment (4-cm vertical thickness)
was digested in aqua regia, the 210Po nuclide extracted
with conc. hydrochloric acid, self-plated onto silver
discs and counted for alpha decays in vacuo by means
of semiconductor surface-barrier-detectors (Erlen-
keuser and Pederstad, 1984). External error is 3%.>63  m (wt.-%)
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Table 2
Results of radiocarbon datings (13C corrected) on sediment cores from site PS2458
Depth
(cm)
Sample ID Mat. Age
14C-years
F
(years)
Sample
type
Age (14C-years)
400 years res.
corr.
Remarks Age
(cal-years)
(mean)
95% confid.
range
(cal-years)
Polynomial
age
(cal-years)
0 AAR-2417 bf 0 m 0 (1) 0
201 AAR-3081 wood 7980 110 t 7980 (2) 8840 8490–9240 8850
252 AAR-3082 mb 8830 55 m 8430 9450 9280–9530 9290
294 AAR-2419 mb 9030 100 m 8630 9650 9430–10,110 9700
335 AAR-2421 mb 9340 120 m 8940 10,020 9600–10,360 10,210
369 AAR-3083 mb 10,020 70 m 9620 10,930 10,700–11,170 10,620
399 AAR-3084 mb 10,090 65 m 9690 11,080 10,750–11,230 11,000
436 AAR-2418 mb 10,050 170 m 9650 10,950 10,430–11,550 11,520
467 AAR-3085 mb 10,600 75 m 10,200 11,880 11,360–12,350 12,000
486 AAR-2420 mb 10,540 120 m 10,140 11,750 11,260–12,320 12,310
530 AAR-3086 mb 11,560 100 m 11,160 13,140 12,890–13,740 13,050
578 AAR-3087 mb 12,270 65 m 11,870 13,930 13,510–14,250 13,860
625 AAR-3088 mb 12,750 150 m 12,350 14,630 13,870–15,450 14,570
667 KIA6113 mb, bf 12,600 110 m 12,200 (3) 14,320 13,830–15,410
709 KIA6112 wood 42,470 1360 t 42,470 (2) (4) (5) 44,800
Calibrated ages (Stuiver and Reimer, 1993) were obtained by the Seattle calibration program CALIB 4.3 method B using the INTCAL98.14C data
set of Stuiver et al. (1998) with the marine samples corrected by 400 years for reservoir age. Polynomial fit ages (see text) were calculated with the
following formula: Age [cal-years]=77023.5604*sd+9.0473*102 sd2 3.18*104 *sd3 +5.53*107 *sd4 3.46*1010 *sd5 where
sd is sediment depth [cm] below sea floor. Correlation to ages obtained from CALIB 4.3 program is R =0.997.
bf=benthic foraminifers; mb=mixed bivalves; m=marine; t= terrestrial; (1) younger than AD 1960, no reservoir correction applied; (2)
terrestrial sample, no reservoir correction applied; (3) low carbon content, uncertain result; (4) calibrated after Voelker et al. (1998); (5) probably
redeposited.
R.F. Spielhagen et al. / Global and Planetary Change 48 (2005) 187–207192Total counting efficiency, confining both the chemical
and counting procedure, was determined through a
210Pb-standard solution (F 2% at 99% confidence
level) from the Physikalisch-Technische Bundesan-
stalt (PTB), Braunschweig.4. Results
4.1. Stratigraphy
The surface 14C sample from core PS2458 yielded
a modern age (younger than 1960 AD) (Table 2). The
suite of AMS datings on marine carbonate between
252 and 625 cm are well aligned and range from 8.43
to 12.35 14C-ka. The possibility of redeposition can
never be ruled out on relatively steep continental
margins. Thus we particularly note the lack of age
reversals downcore (if standard deviations are taken
into account), which suggests continuous deposition,
with sedimentation rates being fairly constant at about
65–122 cm/ky. A possible hiatus is discussed below.
The similar 14C ages at 369, 399, and 436 cm, as wellas at 467 and 486 cm, most probably represent the
well-known radiocarbon plateaus at 9.6 and 10.0 14C-
ka, respectively (cf. Hughen et al., 2000). This finding
provides further support of the stratigraphic model at
least of the Holocene section and indicates that our
dating results from benthic organisms are not biased,
as could be suspected, by aged intermediate waters
beyond the range of the given standard deviation.
Although wood pieces bear some risk of being
redeposited, the date from 201 cm fits with an almost
linear extrapolation of results from samples below and
hence is regarded a dreliableT date. This is not the case
for another wood from 709 cm. The result of 42.5 ka
14C-ka is far beyond the age extrapolated from above.
Since there is no evidence for strong changes in
sedimentation rates between 625 and 709 cm, we
conclude that this piece of wood likely was eroded
and redeposited. The 14C age of mixed benthic
foraminifers at 667 cm is less reliable than the dates
further above due to a low sample size (possibly being
too young by about 150 14C-year; Grootes, personal
communication, 1998). In any case, the date fits fairly
well with the calibration data set, adjusted to the three
R.F. Spielhagen et al. / Global and Planetary Change 48 (2005) 187–207 193dates above, and appears to fall on the radiocarbon
plateau at ca. 12.5 14C-ka (cf. Fig. 5 and Hughen et
al., 2000).
To account for the radiocarbon plateaus in PS2458,
we developed an age model for the interval 101–625
cm by using a polynomial fit. The formula (Table 2)
was set up using the available calibrated ages, but
leaving out the datings from the radiocarbon plateaus
(at 399, 436, and 486 cm) and the less certain date
from 667 cm. In most cases, the model ages, if
retransformed to the 14C-age space, match the AMS
14C dates within the standard deviation and all are
within the 95% confidence range of the calibrated
ages and 9 of the 13 dates also in the (symmetricallyFig. 5. Stratigraphic approaches for core PS2458. Left: Open circles mark m
versus depth (inner scale). Black line marks the polynomial age model (Ta
marks INTCAL98 calibration curve (1-sigma confidence range) with upper
is broken at 510 cm (possible hiatus). Both for the upper and lower section
calibration curve to the measured 14C data was attempted by assuming con
approaches, using the CALIB 4.3 software (method B) of Stuiver and Reim
circles show (probability weighted) mean calibrated ages resulting from th
half the total span of the 95% cal. age confidence interval. Heavy dots sho
marine calibration set (Marine98.14C, applying the reservoir age of 400 y
confidence interval. Thin solid lines show the linear regression through the
for statistical weighing. Upper and lower core section are treated separately
regression errors. The large dotted bar indicates the barren layer (507 to 525
of 12.18F0.12 cal-ka and from below dates the 525-cm level at 13.22F0.2
considered here an adaption of the 1-sigma error concept to the peculiaritshrinked) half length of that range (cf. Fig. 5).
Calibration either with the atmospheric or the marine
data set (INTCAL98.14C or MARINE98.14C, Stuiver
et al., 1998) does not give significantly different
results (Fig. 5), relying to the bconventionalQ reservoir
age of 400 years in both cases.
The stratigraphic model for the time interval 8.0–
12.5 14C-ka as discussed above holds several uncer-
tainties, especially for its middle part. Testing an
approach with constant sedimentation rates provides a
fairly good stratigraphy each for the Holocene and
deglacial sections if they are fitted separately, either to
the calibration curve or to simple linear modeling (Fig.
5). The apparent offset between the sections at abouteasured 14C ages (corrected by 400 years for reservoir effect) plotted
ble 2) retransformed to the 14C age domain for comparison. Shading
scale for 14C age and outer scale for calibrated age. The outer scale
s (dark and light shading, respectively) an independent match of the
stant sedimentation rates. Right: Comparison of different calibration
er (1993). Thick dark line shows the polynomial fit (Table 2). Open
e atmospheric calibration set (INTCAL98.14C), and solid bars show
w the (probability weighted) mean calibrated ages resulting from the
ears), and dotted bars show half the total span of the 95% cal. age
mid points of the 95% intervals using the quarter length of the span
. The 667-cm age has not been included. Thin dotted curves give the
cm). Linear Extrapolation from above to 507 cm yields the cal. age
2 cal-ka. Applying the quarter of the 95% cal-age confidence span is
ies of the cal-age domain.
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ca. 700 14C-years interval in between 11.1 and 10.2
14C-ka. However, the sedimentological and physical
properties (Fig. 4) as well as the X-ray radiographs do
not show any significant change of the sediment
texture in the respective depth interval. Strongly
reduced sedimentation rates may thus be an alternative
explanation. In summary we prefer a continuous
model to describe the stratigraphic development.
The second uncertainty in our stratigraphic frame-
work is related to reservoir ages possibly higher than
400 years during the deglacial time interval. The
atmosphere–sea surface 14C difference in the North
Atlantic was determined for the Younger Dryas
interval (11.0–10.0 14C-ka) as 700–800 years (Bard
et al., 1994). Recently, Bjo¨rck et al. (2003) gave a
somewhat shorter duration (ca. 10.8–10.0 14C-ka) for
the Younger Dryas in European continental records.
They proposed even higher reservoir ages for the
Norwegian Sea during the entire last deglaciation,
with an average value of 1000 yr. However, the scatter
of the individual data is comparatively large, and a
temporal development within the deglaciation, in
particular the decline of the deglacial reservoir effect
toward the Holocene level, which could be expected
according to the data of Hughen et al. (2000), is not
yet evident in the data and we presently refrain from
an application of such a high reservoir correction. The
uncorrected radiocarbon date at 530 cm in PS2458 is
11,560F100 14C-years. Applying 700–800 years for
reservoir age correction (Bard et al., 1994) would
place this date in the Allerød-Younger Dryas tran-
sition, while a lower correction value would place it
well into the late Allerød (Fig. 5). The same
uncertainty bears for the dates at 467 and 486 cm
(10,600F75 and 10,540F120 14C-years, respec-
tively), which can be placed in the latest Younger
Dryas or the youngest Holocene, depending on the
reservoir correction chosen. At present, it seems
impossible to determine a convincing correction value
from the dating results alone.
Another uncertainty as to the value of the reservoir
effect could arise for surface waters and seasonally
low-salinity areas off the mouth of Siberian rivers due
to a possibly low 14C content in the freshwater
component (bhardwater effectQ; Forman and Polyak,
1997; Bauch et al., 2001). The water depth of PS2458
appears sufficiently high to have effectively protectedin the past the benthic fauna from a significant
influence of such waters or brines with unusually
low 14C levels.
From the various effects discussed above, we
conclude that our stratigraphic model may be affected
by a variety of uncertainties. However, we note that
our approach is the first attempt ever to establish a
high-resolution chronological framework of deglacial
sediments from the Laptev Sea continental margin.
Further studies are certainly needed to quantify and
limit the uncertainties.
Several pieces of evidence lead to the conclusion
that a hiatus exists in PS2458 at 100 cm, which covers
most of the last 8000 years. The 210Pb profile (Fig. 4)
reveals excess-210Pb in the upper 100 cm which
gradually declines by radioactive decay upon ageing
and dates the 100-cm level at ca. A.D. 1910 where the
excess-210Pb profile is truncated. The 226Ra-supported
level of 210Pb is at 1 dpm/g in the upper meter of the
core (as shown by the 226Ra-granddaughter 214Pb),
and is significantly higher at (about 1.5 dpm/g) below.
These values reflect a deficit of 226Ra against 230Th in
the young marine deposits and a radioactive equili-
brium being retained after several 226Ra-halflifes
(1600 years) of deposition (Erlenkeuser, 1985).
Accordingly, the young upper sediments in core
PS2458-4 are directly underlain, at 100 cm, by
deposits which are several thousand years older at
least. The 210Pb results imply extremely high sed-
imentation rates (N 0.5 cm/year) for the youngest
sediments, which in turn could explain the very young
age of the benthic foraminiferal assemblage in the
surface sample.
Further support for highest sedimentation rates in
the upper meter may come from the content of
planktic foraminifers in the coarse fraction. Generally
the values are very low in PS2458 (b 10 specimens
per gram dry bulk sediment; often b 1 spec./g). In
almost all samples from 100 to 717 cm, sufficient
specimens (10–25) for stable isotope measurements
were present. However, none from the upper meter
provided more than 11 specimens. Since planktic
foraminifer fluxes in the Arctic Ocean increased
strongly from the deglaciation into the Holocene
(Nørgaard-Pedersen et al., 1998, 2003), the low
foraminifer content in the uppermost meter of
PS2458 could be explained by extremly high sed-
imentation rates and a strong dilution by terrigenic
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a possible hiatus.
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but the few planktic foraminifers in the upper 100 cm
generally looked fresh and not affected by dissolution.
Outstanding peaks in the physical properties
records (Fig. 4) give further evidence for a drastic
break in sedimentation at 100-cm depth. Also, y13C of
the total sedimentary organic fraction shows a break
from  24.0x PDB at 115 cm towards  23.0x at
75 cm (Fig. 4), indicative of a stronger role of the
marine source of sedimentary organic carbon com-
pared to the riverine/terrestrial contribution (cf.
Mu¨ller-Lupp et al., 2000).
Assuming constant sedimentation rates of ca. 100
cm/ky as indicated by the datings between 335 and
201 cm, an age of 7990 years BP is calculated for the
youngest sediments below the hiatus. The origin of
the hiatus remains speculative. The Laptev Sea region
is seismically very active (Fujita et al., 1990;
Avetisov, 1993) and an earthquake ca. 100 years ago
may have triggered a slide or turbidite which swept
away sediments deposited since about 8 ka.
4.2. Sedimentary and isotopic records
Sediments of PS2458 are fine-grained, with only
little variability in grain size (Fig. 4). The coarse-
fraction content (N 63 Am) varies between 1.0% and
5.4%, with an average value of 2.7%. A pronounced
local maximum of N 4% is found around the proposed
hiatus at 101 cm.
The oxygen isotope record (2-cm intervals) of
planktic foraminifers is continuous from 717 to 101
cm, with only a few single data missing from samples
which contained no or very few foraminifers (Fig. 6).
The only exception is the interval 525–507 cm, which
was almost barren (except at 512 cm). In the upper-
most and the lowermost meter of PS2458, wider
intervals (4–8 cm) were chosen in order to obtain
enough foraminfers for isotope analysis. The results
show a very high variability which may relate to
climate and oceanographic variability, but is difficult
to interpret with confidence, considering the poor data
coverage and the lack of a reliable stratigraphy for
these intervals. In the following, we will confine
discussion to the depth interval 717–101 cm.
The oxygen isotope record shows a strong scatter
(F 0.2x around the running mean). Average y18O
values are increasing from 3.5x at ca. 710 cm tor3.9x around 650 cm, from where they decrease again
to 3.4x just below the barren interval starting at 525
cm. Above this interval, extreme values as low as
2.27x were measured. Within less than 15 cm, y18O
values increase again to N 3.6x and further to 4.0x
around 420 cm. From here, a steady decrease of mean
values to 3.4x below the hiatus (101 cm) is recorded.
Offset from the latter trend is a peak of low values
(3.3x) at 200 cm.5. Discussion
5.1. Towards a reconstruction of salinity and
freshwater runoff
In the modern central Arctic Ocean, oxygen
isotope values of planktic foraminifers N. pachyderma
(sin.) provide reliable records of variations in the
surface water environment (Spielhagen and Erlen-
keuser, 1994; Bauch et al., 1997). Because this species
lives mainly in the uppermost water column, where
temperatures are near the freezing point all across the
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shell is almost entirely controlled by the isotopic
composition of the ambient water mass. There is an
excellent correlation between salinity and oxygen
isotopic composition of the surface waters (Bauch et
al., 1995), and thus variations of the y18O values of N.
pachyderma (sin.) mostly reflect salinity changes.
The oxygen isotope record of PS2458 shows a
variability which cannot be correlated to time-equiv-
alent records from the Arctic Ocean (e.g., Nørgaard-
Pedersen et al., 1998, 2003) or the Nordic Seas (e.g.,
Sarnthein et al., 1992). It cannot be excluded a priori
that changes of surface water temperature have
influenced the isotopic composition of the foramini-
fers. However, for the time interval represented in
PS2458, only around 9 ka (14C) there is evidence for a
climate in Northern Siberia warmer than at present
(Hahne and Melles, 1999). A comparison of Holocene
data from the western Arctic (0–1808W) revealed that
areas under climatic influence of the North Atlantic
and Arctic oceans experienced peak warmth at that
time (Kaufman et al., 2004). In marine sediment cores
from the high Arctic during the last deglaciation, there
is no such clear evidence (Nørgaard-Pedersen et al.,
1998, 2003). If average summer air temperatures on
Taymyr Peninsula around 9 14C-ka were indeed 4 8C
higher than at present, as proposed by Hahne and
Melles (1999), it is unlikely, however, that this
increase can be transferred directly to water temper-
atures. Today, a strong temperature gradient in the
coastal zones of the Siberian Arctic maintains much
lower summer temperatures over the sea than on land
(Treshnikov, 1985). Furthermore, mixing of the
uppermost water layers and the low heat capacity of
air result in only a relatively low increase of water
temperatures in summer. The planktic foraminifer N.
pachyderma sin. lives mainly between 0- and 100-m
water depth at the Laptev Sea continental margin
(Volkmann, 2000). An estimated temperature increase
of 0.5–1.0 8C in this water mass, from air temper-
atures 4 8C higher, would result in an isotopic change
of 0.1–0.25x in y18O (cf. Shackleton, 1987). Con-
sidering the sample-to-sample variability of the y18O
values from PS2458, such a change can hardly be
detected. For most of the time interval 8–14.5 ka, we
can therefore assume that water temperatures at the
Laptev Sea continental margin were similar to present
( 0.5 8C in summer) or were even lower during thelast deglaciation. Thus, the variability in the oxygen
isotope record of PS2458 was caused by two factors.
First, the world-wide return of isotopically light water
from melting ice sheets and glaciers to the rapidly
mixing world ocean (bice effectQ) and, second,
regional low-salinity effects caused by glacier ice
melting and/or outflow of (isotopically light) fresh-
water from continental sources.
To filter for the regional effects, we normalized the
planktic oxygen isotope values from PS2458 for the
global ice effect and refer the data to modern
conditions. From each y18O result, we subtracted the
value of the surface sample (3.18x) and the value of
the ice effect for the individual sample age, as
obtained from the continuous deglacial record of
Fairbanks (1991). Referring to earlier work (Spielha-
gen and Erlenkeuser, 1994) reveals that the y18O
value from the surface sample is typical for the region
around site PS2458 since neighboring sites gave
similar values. The outcome of the calculation is the
Dy18O record, where 0 represents modern conditions,
and positive and negative values mean relatively
higher and lower oxygen isotope values, respectively
(Fig. 7). The normalized record reveals that y18O was
on average 0.4x lower from 14.5 to 13.0 ka than at
present. The pronounced low y18O peak at ca. 500-cm
core depth (i.e., shortly after 13.0 ka) is seen in the
normalized record as a negative excursion up to 1.6x
in amplitude. Between 12.5 and 11.7 ka, the deviation
decreases to 0. During most of the following time
interval until 8 ka, normalized values are up to 0.4x
higher than the reference value.
5.2. Paleogeography, sea level history, and freshwater
runoff
Two factors are considered to account for the
variability seen in the normalized oxygen isotope
record. In principle, the postglacial transgression
should have resulted in a steady increase of the
marine influence (i.e., salinity) for any site on the
present continental margin. This should be reflected as
a general trend towards positive values in the Dy18O
record, because of an increasing distance between the
core site and the terrestrial freshwater sources
(dtransgression effectT). The second factor is a
variability of freshwater runoff, where increases and
decreases should be seen as negative and positive
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the Laptev Sea during the last glacial maximum
(Svendsen et al., 1999, 2004) and thus isostatic effects
should have been minimal during the deglacial and
Holocene, we used the global sea level record of
Fairbanks (1989), the regional sea level reconstruction
of Bauch et al. (2001), and the modern bathymetry
(Perry and Fleming, 1986) to reconstruct the position
of the paleo-coastline during the time interval
represented in PS2458 (Fig. 8). The modern bathy-
metry of the shallow Laptev Sea and the strong depth
gradient below 60-m water depth show that the
transgression effect must have been minimal until
approx. 12 ka, when the modern 60-m isobath was
flooded (cf. Bauch et al., 2001). In the glacial and the
earlier part of the deglacial, the coastline was
relatively stable (25–40 km from site PS2458) and
the Dy18O record should be affected by the trans-
gression to only a minor extent.
Several paleoriver channels have been found on the
Laptev Sea shelf (Holmes and Creager, 1974;
Birjukov et al., 1985) from the analysis of depth
soundings. The geometry of these channels has been
revised by Kleiber and Niessen (1999), who have
analyzed sub-bottom profiling data (PARASOUND
records). They found four major channel systems
extending from the modern river mouths to the outer
shelf and margin (Fig. 8). Kleiber and Niessen (1999)
propose that the channels were formed during the
Weichselian sea level lowstand and filled during
Termination 1 until the postglacial transgression
reached the 30-m isobath at approx. 9 ka (Bauch et
al., 2001). The two easternmost channels, originating
from the Lena and Yana rivers, reach the present shelf
break immediately south and southeast of site
PS2458, between 1278 and 1338E. The relatively
stable coastline and the position of site PS2458 close
to the mouths of two main paleoriver channels suggest
that the Dy18O record until 12 ka mainly reflects the
variability of freshwater runoff from the Lena and
Yana catchment areas.
Between 14.5 and 13.0 ka, Dy18O is mainly
0.6x to 0.2x (Fig. 7) and reveals some minor
changes of the freshwater runoff during the Bølling/
Allerød period. The strong negative excursion after 13
ka is the most striking feature in the Dy18O record. At
this time, global sea level rise did not yet change
significantly the position of the shoreline. Theposition of the paleoriver channel and mouth directly
south of site PS2458 and the lack of other drainage
pathways of the Lena paleoriver in the area of the
modern Laptev Sea shelf make it unlikely that a short-
term diversion of the drainage system was the reason
for the light y18O spike. Instead, the spike more likely
reflects a rapid outburst of freshwater to the Arctic
Ocean, which significantly reduced salinity and oxy-
gen isotope ratio of the surface waters. The exact
timing of this event is elusive due to the lack of
foraminifers at 525–507 cm in PS2458. This lack may
be caused by several factors. First, extremely dense
ice coverage in the Arctic Ocean can lead to very low
planktic foraminifer fluxes (cf. Nørgaard-Pedersen et
al., 1998, 2003). The onset of such environmental
changes is usually reflected in the sediments by a
gradual decrease of foraminifer abundances. In
PS2458, however, there is an abrupt onset of the
barren interval at 525 cm. Second, enhanced fluxes of
terrigenic particles can cause an extreme dilution of
the biogenic content, resulting (statistically) in a
barren sediment section. We exclude this possibility,
because none of the sedimentological, sediment-
physical, and geochemical parameters of the sedi-
ments shows a significant change at 525 cm (Bouc-
sein et al., 2000; Mu¨ller and Stein, 2000; Stein and
Fahl, 2000; Spielhagen, unpublished data). Carbonate
dissolution, as a third possibility, is unlikely because
there is no evidence for a partial dissolution below or
above the interval. In a paleoenvironmental scenario
determined by an extreme freshwater outburst, we
therefore consider a salinity drop below a critical limit
as the most likely reason for the lack of planktic
foraminifers. The exact limit for N. pachyderma (sin.)
is not known, but culturing results on N. dutertrei
(Bijma et al., 1990) showed that no shell growth
occurs below an average salinity of 28. Since N.
pachyderma (sin.) is from the same genus, a similar
low-salinity limit can be expected for this species.
Today, the average salinity at site PS2458 (ca. 500 km
from the Lena River delta) is ca. 29 (Environmental
Working Group, 1998). Due to the proximity of the
core site to the combined paleoriver mouth of Lena
and Yana until ca. 12 ka, an increased river discharge
should have strongly freshened the upper water
column so that N. pachyderma (sin.) could not have
lived there any more. In this case, the oxygen isotope
value (and salinity) of the surface waters would have
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minimum value of Dy18O of 1.6x. Furthermore, the
assumption that the lack of foraminifers between 525
and 507 was caused by an extreme freshwater runoff
event bears implications for the timing of this event.
The AMS 14C date of 11.16 ka (14C) was obtained
from 4 cm below the barren interval, where y18O
values are still quite high (3.4–3.5%). Extrapolation of
sedimentation rates from below the event results in an
age of 13.0 ka for the lowermost barren sample and
thus for the onset of the freshwater outburst event. As
discussed above, a hiatus may be present in PS2458 at
ca. 510 cm, and sediments originally deposited during
the event may be partially missing.
The maximum duration of the freshwater outburst
from the Laptev Sea is loosely constrained by the 14C
date of 10.1 ka (12.3 cal-ka) at 486 cm. At this depth,
y18O values reached the same level again as below the
barren interval. However, age uncertainties caused by
the radicarbon plateau at ca. 10.0 14C-ka make it
difficult to give an accurate age for the end and
duration of the freshwater event. Assuming constant
sedimentation rates between the datings bracketing
the freshwater spike, the return to normal salinities at
site PS2458, reflected as the preserved upper flank of
the y18O spike, took at least 350–400 years. From this
calculation, the duration of the maximum freshwater
outflow, i.e., the time interval, when the barren
sediments were deposited, was only 200–250 years.
Additional details of the freshwater outburst and its
correlation to the global developments of sea level and
climate are discussed further below.
At 12.2 ka, the Dy18O values of almost 0x suggest
that the freshwater outflow had reached a rather low
level. For the following ca. 200 years, Dy18O values
around  0.4x are evidence of a second, shorter, and
much weaker freshwater outflow event. After 12.0 ka,
there is a general trend to higher Dy18O values. At
about the same time, the rising sea level reached the
area of the present upper shelf break (60 m) and the
rapid transgression of the Laptev Sea shelf was
initiated (Bauch et al., 2001). Therefore, we explain
the increasing Dy18O values by the continuous
southward retreat of the Lena–Yana paleoriver mouth
and a correspondingly growing marine influence at
site PS2458. This trend and the generally positive
Dy18O values until 9 ka are further evidence that the
freshwater discharge could not balance the increasingmarine influence. The time interval from 12 to 9 ka
covers the younger part of the cold Younger Dryas
event (until 11.6 ka, Stuiver et al., 1995) and the
following early Holocene. Although there is palyno-
logical evidence for a relatively moist Younger Dryas
interval in northern central Siberia (Hahne and Melles,
1999), the Dy18O data indicate that the freshwater
water influence reached a minimum a few hundred
years after the outburst had ceased.
After ca. 9.5 ka, Dy18O values reveal a new,
slightly decreasing trend. At 8.1 ka, where the
continuous record of PS2458 ends, they almost reach
the modern reference level. At that time, the coastline
was already close to its modern position (Fig. 8). The
trend to lower Dy18O values, despite an increasing
distance of PS2458 to the paleoriver mouths of Lena
and Yana, indicates that the freshwater outflow must
have increased and even outpaced the marine
influence. Shortly after 9 ka, a distinct minimum
covering ca. 100–200 years even indicates a short
strong freshwater outflow event. Because sediments
of the last 8 ky are missing in PS2458 (except the last
ca. 100 years), we have no information on the
freshwater runoff during that time interval. However,
the fact that the Dy18O values reach the calibration
line at about the same time when the Laptev sea
transgression was almost finalized suggests that
freshwater runoff from the major rivers entering the
Laptev Sea reached a level close to the modern value
at about 8 ka.
5.3. The freshwater event at 13 ka—regional
influence, salinity changes, provenance and
terrestrial glacial setting
In an attempt to identify the regional impact of an
inferred freshwater outburst from the Laptev Sea on
the adjacent eastern Arctic Ocean at ca. 13 ka, we
analyzed cores PS2455-4, PS2464-4, PS2474-3,
PS2749-4, and PS2753-2 for their content of fora-
minifers. Magnetic susceptibility and other physical
properties (Fu¨tterer, 1994; Rachor, 1997; Kleiber and
Niessen, 2000; Kleiber et al., 2001; Kleiber, personal
communication 1999) could be correlated to PS2458
and to PS2741 from the eastern Severnaya Zemlya
slope, for which a reliable stratigraphy is available
based on 14C datings (Knies et al., 2000, 2001) and
paleomagnetic data (Kleiber and Niessen, 2000;
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continuous sequence representing the last 20 ky was
analyzed. Although large-volume samples (50–100
cm3) were investigated, with a few exceptions none of
the investigated samples contained enough planktic
foraminifers (ca. 10 specimens) to conduct oxygen
isotope measurements. On the other hand, deglacial
oxygen isotope records from the eastern and central
Arctic Ocean (e.g., Stein et al., 1994; Nørgaard-
Pedersen et al., 1998, 2003) are generally too
condensed to resolve short-term events with a
duration of less than 1000 years. Thus, it is not
possible at the moment to determine the impact of the
freshwater outflow on the oceanographic character-
istics of the Arctic Ocean.
The freshwater outburst at 13 ka must have been a
catastrophic event at the Laptev Sea continental
margin. The recorded change of 1.2x in the Dy18O
record gives us a minimum estimate of the salinity
change which occurred within the event. Depending
on the y18O/salinity relationship used for calculation,
it can be transferred to a minimum salinity change of
more than 2 units (Craig and Gordon, 1965; Spielha-
gen and Erlenkeuser, 1994). Results do not change
significantly if the lower y18O value of Siberian Arctic
precipitation in the last glacial (Rohling and Bigg,
1998; Meyer et al., 2002) is taken into account. The
actual change may have been much higher, as
indicated by the foraminifer-barren interval (see
discussion above) and the shape of the peak in our
y18O record. In high resolution y18O records of Arctic
freshwater events, the younger part of the peak often
has a sloping and less steep shape, if compared to the
older part (cf. Jones and Keigwin, 1988; Sarnthein et
al., 1992; Elverhøi et al., 1995). In many cases, these
freshwater events could be unambiguously related to
the decay of ice sheets. As demonstrated for the decay
of the LGM ice sheet on the Barents Sea, the
freshwater event at ca. 14 ka was associated with a
strong input of ice-rafted debris in the eastern
Norwegian Sea, which was transported by the dis-
charged icebergs (Bischof, 1994). The Arctic Ocean
record of the last 200 ky holds evidence for several
freshwater events (Knies and Vogt, 2003; Spielhagen
et al., 2004). The strongest of these events, as
indicated by extreme amplitudes in planktic y18O
records, occurred when large, previously ice-dammed
lakes in northernmost European Russia and westernSiberia emptied into the Arctic Ocean (Spielhagen et
al., 2004; Mangerud et al., 2004). It is thus tempting
to assume that the freshwater event recorded at 13 ka
near the paleoriver mouth of the Lena could have been
caused by a similar late-glacial event. Unfortunately,
the Late Pleistocene glacial history of northern Siberia
east of 1208E is much less well explored and dated
than that of the area further west. There, evidence of
three main glaciations in the Weichselian could be
detected, of which the last one had the least eastward
extension (Svendsen et al., 2004). During the last
(global) glacial maximum (LGM) around 20 ka
(corresponding to the Sartan glaciation in the Russian
nomenclature) the Eurasian ice sheet reached ca. 50
km east of Novaya Zemlya in the Kara Sea, but
terminated in the White Sea area (ca. 458E) on land
(Mangerud et al., 2001; Svendsen et al., 2004). A
short-term surge-like eastward extension across the
northern Kara Sea to the Taymyr Peninsula cannot be
ruled out, but the Laptev Sea was certainly not
glaciated during the LGM, and the configuration of
the LGM ice sheet makes a meltwater runoff to the
Laptev Sea continental margin unlikely (Fig. 3). As a
consequence, any evidence of a possible deglacial
lake formation in the Lena River area must be hidden
in the deposits of the river valley and the adjacent
range of the Verkhoyansk Mountains. In the follow-
ing, we will review some of the partly older Russian
literature which deals with the Late Weichselian
glacial history of this area.
Geomorphological and geological research has
shown that the extension of glaciation in the
mountains of NE Siberia was considerably greater
during the Late Pleistocene than today (Glushkova,
1994). A series of up to eight pre-Holocene moraine
belts and glaciolacustrine and fluvioglacial sediments
associated with the morainic deposits were distin-
guished by Kind et al. (1971) and Kind (1975) in
troughs and the foreland of the Verkhoyansk Moun-
tains. In several cases, glaciers originating from this
mountain range must have crossed the present beds of
the Lena and Aldan rivers and caused damming
events (Kind et al., 1971; Kind, 1975). However, only
a few age data are available for the reconstruction of
the glacier dynamics, in particular for the last glacial–
interglacial transition (Kind et al., 1971, Kolpakov
and Belova, 1980). Most of the analyzed far-reaching
moraine belts are assigned to a middle Weichselian
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Kind (1975) report on 14C-dated glaciolacustrine
sequences (15.1 and 15.8 14C-ka) from the Undyul-
yung River, a right tributary of the Lena River (Fig.
3), which are interpreted as deposits from ice and/or
moraine-dammed lakes. Such lakes may have formed
in many valleys of the Verkhoyansk Mountains during
the Late Weichselian (Kolpakov, 1979, 1986). Several
large morainic arc systems are not dated and loosely
correlated to the deglacial time periods of 14–13 14C-
ka and ca. 11 14C-ka (Kind et al., 1971; Kind, 1975).
We have no reason to doubt these field observa-
tions and their genetic interpretation. However, for
certain reasons we may regard some of the chrono-
stratigraphical interpretations and correlations as
questionable and suggest a partial reinterpretation of
the paleoenvironmental history in the Late Weichse-
lian. The radiocarbon datings reported by Kind et al.
(1971) and Kind (1975) were obtained from wood and
peat extracted from fluvial and lake sediments. The
nature of these sediments strongly suggests that the
dated materials were redeposited and may in fact stem
from older, eroded deposits. Thus, the reported
radiocarbon ages should be regarded as maximum
ages, and the true depositional ages may be signifi-
cantly younger. Another problem may lie in the
climatic boundary conditions of NE Siberia in the
Latest Pleistocene, which control the development and
extension of glaciation. All available evidence points
to extremely cold and dry conditions in northern and
northeast Siberia during the LGM (Velichko, 1993;
Tarasov et al., 1999; Anderson and Lozhkin, 2002;
Andreev et al., 2002, 2003), which probably explains
the lack of large LGM ice sheets in the area. Climatic
reconstructions, which are mostly based on palyno-
logical data (e.g., Andreev et al., 1997, 2002, 2003;
Klimanov, 1997; Velichko et al., 1997, 2002; Hahne
and Melles, 1999), suggest that summers in northern-
most Siberia were warmer than today in parts of the
early deglacial Bølling/Allerød period, but winters
were probably colder. Precipitation was somewhat
lower than today, but certainly higher than during the
LGM.
In an attempt to reconcile the detailed paleocli-
matic information obtained in the last decade with the
succession of moraines in the Verkhoyansk Mountains
and Lena River valley, we may speculate that some of
the younger moraines were formed during times ofincreased precipitation after the LGM. Such condi-
tions may have been more favorable to the develop-
ment of glaciers on the western flank of the
Verkhoyansk Mountains than the colder, but
extremely dry conditions during the LGM. According
to a map compiled by Isayeva (1984), Late Pleisto-
cene glaciers crossed the valley in several places
between 658N and 708N (Fig. 3). Since the river
valley is quite narrow north of 678N, Lena River
outflow must have been prohibited during such
events, and an ice- or moraine-dammed lake must
have developed in the central Yakutian lowland (N
100,000 km3). If one of the damming events in fact
occurred in late Allerød times, the development and
subsequent flushing of a large lake in this area would
certainly have supplied enough freshwater to the
Laptev Sea continental margin to have salinity
significantly reduced. In the lack of other plausible
explanations for the low y18O values at 13 ka in the
PS2458 record, we presently tend to follow the
hypothesis of river damming by glacier ice or mixed
snow/ice/sediment moraines, although we are aware
of its speculative character. Ongoing field work (Popp
et al., 2003) should help to elucidate the Late
Weichselian history of glaciation in the Verkhoyansk
Mountains and possibly associated damming events
of Lena River.
5.4. The Laptev Sea freshwater event at 13 ka and its
correlation to deglacial climatic developments
The deglacial period following the last glacial
maximum (ca. 19–23 ka; Mix et al., 2001) was a time
of rapid sea level rise caused by the return of glacial
meltwater to the oceans. Two major pulses of melt-
water input (MWP-1A, MWP-1B) were centered at
14.0 and 11.3 ka (Fairbanks, 1989; Bard et al., 1996).
Based on our present chronology of PS2458 between
14.4 and 9 ka, we exclude a correlation of the
freshwater event at the Laptev Sea continental margin
at ca. 13 ka with the global meltwater pulses (Fig. 7).
Evidence for deglacial meltwater discharge has been
found at several locations on the Arctic Ocean
margins. Andrews et al. (1993) found indications of
freshened surface waters on the Canadian Polar shelf
at ca. 11–12 14C-ka (ca 13–14 ka). In cores from the
St. Anna Trough (northern Kara Sea), Lubinski et al.
(2001) identified a freshwater signal at 10.2 14C-ka
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reported on a low-y18O event at ca 10.0 14C-ka
(11.7 ka) on the Beaufort slope and supposed a
relation to an outburst of Lake Agassiz, the large
meltwater basin south of the Late Weichselian
Laurentide ice sheet in North America, down the
Mackenzie River to the Arctic Ocean. None of these
events is synchronous with the 13 ka event at the
Laptev Sea continental margin.
Taking the 13 ka date at face value, the freshwater
event correlates in time with the onset of the Younger
Dryas event, a short-term return to quasi-glacial
conditions in much of the northern hemisphere at
12.9–11.6 ka (GISP2 ice core ages; Stuiver et al.,
1995). Modelling results suggest a strong sensitivity
of the thermohaline circulation (THC) in the oceans to
meltwater injections (e.g., Manabe and Stouffer, 1995,
1997; Rahmstorf, 1995; Ganopolski and Rahmstorf,
2001). The outflow of enormous amounts of fresh-
water from North American glacial Lake Agassiz into
the North Atlantic was found to be largely synchro-
nous with the onset of the Younger Dryas event and
may have weakened the THC during this interval
(Broecker et al., 1988, 1989; Clark et al., 2001; Teller
et al., 2002). Other authors, however, suggested
alternative mechanisms causing the Younger Dryas
cooling (e.g., Renssen et al., 2000) or raised doubts
about the synchroneity of maximum meltwater out-
flow from the Laurentide ice sheet and the onset of the
Younger Dryas event (e.g., Duplessy et al., 1996;
Moore et al., 2000).
At present, the apparent synchroneity of the 13 ka
freshwater event at the Laptev Sea continental margin
with the onset of the Younger Dryas event does not
justify a causal connection. The application of the
adequate reservoir correction remains a major uncer-
tainty in the stratigraphic model. A value of ca. 1000
years, as recently proposed by Bjo¨rck et al. (2003) for
the entire last deglaciation in the Norwegian Sea,
would eliminate the evidence for a possible hiatus in
PS2458 at ca. 510 cm (cf. Fig. 5) and place the Laptev
Sea freshwater event well into the Younger Dryas time
interval. Furthermore, it seems not possible yet to
determine the regional extent of the freshwater
outburst and its influence on the salinity in a large
basin like the Arctic Ocean. High-resolution isotopic
records from the central or eastern Arctic Ocean and
the Fram Strait are needed to address this question.6. Conclusions(1) A continuous paleoenvironmental record of
centennial-scale resolution is preserved in
deglacial sediments (14.5–8 ka) on the Laptev
Sea continental margin and can be dated by
AMS-14C measurements on benthic carbonate
organisms. An apparent hiatus covering most of
the last 8 ky may result from gravitational
processes possibly triggered by seismic activity.
(2) The presence of planktic foraminifers in the
deglacial sediments allows a detailed recon-
struction of salinity variability at the Laptev Sea
continental margin. Salinity was controlled by
freshwater runoff from the Lena and Yana
paleorivers and a growing marine influence
during the shelf transgression after 12 ka.
Changes in freshwater runoff were probably
small during the Bølling/Allerød. A strong
freshwater outflow event is dated to 13 ka,
followed by a decrease to modern values at ca.
12 ka. Salinity at the investigated site increased
from 12 ka to ca. 10.5 ka in the early phase of
the Laptev Sea shelf transgression, which
increased the distance to the paleoriver mouth.
After ca. 9.5 ka, increasing river runoff out-
paced the still growing marine influence.
Modern conditions were reached at ca 8 ka.
(3) The origin and volume of the freshwater from
the strong outburst at 13 ka remain enigmatic.
The lack of well-dated terrestrial records allows
speculations about a possible ice-damming of
Lena paleoriver in the Allerød and a subsequent
rapid drainage of a lake into the eastern Arctic
Ocean.
(4) The freshwater outburst event at 13 ka at the
Laptev Sea continental margin does not
correlate to known freshwater events at the
Arctic margins. Using a conservative 400-year
marine reservoir correction for the obtained
14C dates, it appears synchronous with the
onset of the cool Younger Dryas event in
much of the northern hemisphere, which is
commonly thought to be caused by a fresh-
water perturbation of the global thermohaline
convection. At present it is not possible to
determine any large-scale effects of the event
at the Laptev Sea margin.
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